Sequence specific elements in DNA regulate transcription by recruiting transcription factors. The Dof proteins are a large family of transcription factors that share a single highly conserved zinc finger. The core to which Dof proteins bind has a consensus AAAG or ACTTTA sequence. These motifs have been over represented in many promoters. We performed a genome wide analysis of AAAG repeat elements increasing the spacer length from 0 to 25. Similar analyses was done with AAAG-CTTT motifs. We report unusual high frequency of AAAG N7 CTTT in Arabidopsis thaliana genome. We also conclude that there is a preference for A/G nucleotides in spacer sequence between two AAAG repeats.
Introduction
Promoters frequently contain multiple functional regulatory elements (Wray et al., 2003) . This has an inherent question. How do redundancy and the evolution of cis element multiplicity take place. Cis elements are non coding DNA sequences present upstream of a gene and is required for proper spatiotemporal expression of the gene present downstream of it. It contains binding sites for transcription factors. The Dof domain proteins are typical example of plant specific transcription factors (Riechmann et al., 2000; Yanagisawa and Sheen, 1998; Yanagisawa, 2002) . Dof transcription factor binds to a core sequence AAAG as shown by Vicente-Carbajosa et al. (1997) in a pull down assay. Dof domain proteins have been shown to interact with another class of transcription factors (Zhang et al., 1995) . We are very much interested in knowing how transcription factors select their target-like sequences which are scattered on the entire chromosome and how they function at this site. We have shown earlier that the minimal core sequences of the commonly occurring cis elements can enhance promoter expression, even when used out of their native contexts (Mehrotra and Mehrotra, 2010; Mehrotra and Panwar, 2009; Mehrotra et al., 2005; Sawant et al., 2005) . Using ACGT core sequence we showed that probabilistic model is not followed when we look for the evolution of cis element multiplicity (Mehrotra et al., 2012 (Mehrotra et al., , 2013 . In this study we searched for the multiplicity of AAAG core sequence in the genome of Arabidopsis thaliana and reported that AAAG n7 CTTT is a preferred sequence in the genome. This information will be useful for designer promoters where specific interactions could be directed.
Methodology
The objective was to find out the frequency of the recurring sequences. Sequences of chromosomes were downloaded form the NCBI website (www.ncbi.nlm.nih.gov) and converted to a single line sequence using Notepad++. An ANSI C code was generated and later a code in Python 2.6.5 was used to find the results. The code written is as follows:
1. Code to find frequency of AAAG(A/G/C/T)AAAG as in Table 1 2. Python codes to find frequency of two AAAG/CTTTs separated by 0-25 nt. Spacer
Results and discussions AAAG n7 CTTT sequence is highly preferred in A. thaliana genome Dof proteins, which are typically composed of 200-400 amino acids, are defined as DNA-binding proteins that have a highly conserved Dof domain. The strong similarity among Dof DNA-binding domains suggested that all Dof proteins display similar DNA-binding specificity. Indeed, an AAAG sequence or its reversibly oriented sequence, CTTT, is always found in the binding sequences of individual Dof proteins (Chen et al., 1996; dePaolis et al., 1996; Kang and Singh, 2000; Mena et al., 1998; Plesch et al., 2001; Washio, 2001; Yanagisawa and Izui, 1993 ) except a pumpkin Dof protein (AOBP) that recognizes an AGTA motif (Kisu et al., 1998) . In A. thaliana, two AAAGs separated by one neuclotide is a known binding site for the OBP-1 protein (Yanagisawa, 2002) . Similarly clusters of AAAG sites have been shown to additively contribute to guard cell-specificity of AtMYB60 promoter in guard cells (Cominelli et al., 2011) . With an intention to discover potential new DOF binding sites in A. thaliana, the frequency of two AAAG or CTTT motifs separated by an increasing distance was carried out.
The frequency of AAAGAAAG without any spacer has a maximum occurrence of 12,738 as shown in Table 1 and Fig. 1 As we increase the spacer length, the frequency of occurrences started decreasing. There Table 1 Frequency of two AAAG motifs separated by all possible distances (till 25 bp), across the five chromosomes. 'n' represents the intervening distance between the motifs. The second column displays the value of 'n'. was a slight increase in frequency for the spacer length 14-17. Statistical analyses (data not shown) indicated them to be non significant as the deviation was essentially within 10-15%. Similar trend was observed for (CTTT n CTTT) as shown in Table 2 and Fig. 2 . A very interesting observation was made when we looked for combination of AAAG and CTTT sequences. An unexpected high frequency was observed for AAAG n7 CTTT. The frequency of occurrence was observed as 2001  8695  20  2305  1555  1746  1402  2101  9109  21  2180  1459  1610  1402  2045  8696  22  2124  1401  1578  1278  1946  8327  23  2218  1527  1747  1361  2014  8867  24  2156  1428  1625  1321  1916  8446  25  2219  1457  1703  1373  1986 14,977 which is more than two times the predecessor whose frequency is 7177 as shown in Table 3 and Fig. 3 . However, when we change the orientation to CTTT n7 AAAG this tendency was not observed as shown in Table 4 . The other implication of this is that transcriptional factor binding is direction specific. Not all AAAG motifs in plant promoters are targets of the Dof domain proteins. However, since an AAAG and a CTTT motif separated by a distance of 7 bp is present in an exceptionally high frequency, we think it is highly likely that this sequence combination may have a functional significance yet to be discovered. Table 3 Frequency of a AAAG and a CTTT motif separated by all possible distances (till 25 bp), across the five chromosomes. 'n' represents the intervening distance between the motifs. The second column displays the value of 'n'. chr1  chr2  chr3  chr4  chr5  Total   0  2379  1352  1437  1570  2320  9058  1  1504  910  1236  905  1384  5939  2  1187  792  921  736  1018  4654  3  1398  903  993  792  1205  5291  4  1199  842  992  957  1190  5180  5  1308  863 A and G are preferred as flanking nucleotides
AAAGnCTTT
We were interested to know which residues predominate in the flanking of AAAG sequence. Such studies are very important because many studies indicate that flanking sequences are very important for binding specificity (Foster et al., 1994; Izawa et al., 1993) . We changed one nucleotide at a time following AAAG. As shown in Table 5 , A and G predominate as flanking residues although there is an exception when (AAAG) -(AAAG) is separated by one nucleotide where the frequency of G flanking is 1918 which is less than C which is 2057. In all other cases G dominates as a flanking sequence over C and T.
Conclusions
The promoter region of many genes contain multiple binding sites for the same transcription factor. One possibility is that individuals with multiple, redundant binding sites have higher fitness. Cis regulatory element multiplicity has been correlated with several gene functionalities like Promoters containing multiple sites evolve more slowly. In this paper we focused on the multiplicity of AAAG sequence with varied spacer lengths and also in combination with CTTT sequence. We report that AAAG n7 CTTT is a preferred sequence in the genome of A. thaliana. This information will be useful for designer promoters where specific interactions could be directed.
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